The Alabama Department of Environmental Management (ADEM) is developing a comprehensive program in Alabama to protect ground water defined by the U.S. Environmental Protection Agency (EPA) as "Class I and II" from surface contamination (U.S. Environmental Protection Agency, 1984) . The U.S. Geological Survey, in cooperation with ADEM, is conducting a series of geohydrologic studies in Alabama to delineate recharge areas of the major aquifers and areas susceptible to contamination.
The major aquifers as defined by this report are those currently used as sources of public water supplies in Choctaw, Clarke, and Washington Counties (see plate 1).
The dependence on ground water in this three-county area of southwest Alabama is not fully represented in this inventory, which is limited to public supply wells. Most of the area is dependent on domestic supply wells, which are numerous throughout the area.
Purpose and Scope
This report describes the results of a study to delineate and describe the geohydrology of the major aquifers and their recharge areas in the study area, and to delineate areas within the recharge areas that are most susceptible to contamination from the surface.
Previously compiled geologic and hydrologic data provide about 75 percent of the data used to evaluate the major aquifers in the area. All wells used for municipal and rural public water supplies were inventoried, and water levels were measured in these wells where possible. Water-level data were used to compile generalized potentiometric maps of the aquifers. Data on water use also were compiled during the well inventory.
Areas susceptible to contamination from the surface were delineated partly from topographic and geologic maps and partly from field investigation.
Location and Extent of the Area
The study area encompasses Choctaw, Clarke, and Washington Counties in southwest Alabama; an area of 3,220 square miles that is partly urban, partly suburban, and partly rural. The area includes the towns of Butler, Gilbertown, Thomasville, Grove Hill, Jackson, Mclntosh, Chatom, and numerous other small towns and communities. The total population of the area was 61,362 in 1980 (Alabama Department of Economic and Community Affairs, 1984) .
Physical Features
The study area includes parts of several physiographic districts, all within the East Gulf Coastal Plain physiographic section ( fig. 1) (Sapp and Emplaincourt, 1975) . The northern half of Choctaw County and the north edge of Clarke County are in the Southern Red Hills district. The northern part of this district is a lowland called the Flatwoods which extends only into the northeastern tip of Choctaw County.
The central part of the district is a southward sloping upland of moderate relief.
The southern part of the district, which extends from Choctaw County into Clarke County, is the rugged Buhrstone Hills. South of the Southern Red Hills district is the Lime Hills district that includes most of the remainder of Choctaw County and a large part of central Clarke County.
The Lime Hills district is a rugged topography developed on resistant limestone and includes the Hatchetigbee anticline in the southern part. The Hatchetigbee anticline is a geologic structure caused by movement of salt in the subsurface that uplifted the overlying sediments into a large fold.
Erosion has cut through the folded layers to expose the oldest sediments along the axis of the anticline. The oldest exposed geologic unit is the Hatchetigbee Formation, from which the structure derives its name.
The Southern Pine Hills district lies to the south of the Lime Hills and includes most of Washington County and southern Clarke County and is characterized by an upland that slopes gradually southward; local relief is as much as 250 feet.
All three counties in the study area are traversed by valleys of the Alabama and Tombigbee Rivers that are in the Alluvial-Deltaic Plain district. The valleys are characterized by broad, flat, flood plains and terraces.
Previous Investigations
Information on the geology of the area was published as early as 1858 in the second biennial report of the Geological Survey of Alabama by Michael Tourney (1858). A detailed description of the geology of Alabama and a revised geologic map were published by the Geological Survey of Alabama in 1926 (Adams and others, 1926) .
The earliest information on ground water in the area was published in 1907 (Smith, 1907) . Other reports that contain information on the geology and ground-water resources of the area are "Geology and Ground-Water Resources of Choctaw County, Alabama" (Toulmin and others, 1951), "Water Availability of Clarke County, Alabama" (Causey and McCain, 1971) , "Geology of Clarke County, Alabama" (Causey and Newton, 1972) , "Water Availability of Washington County, Alabama" (Newton, McCain, and Turner, 1972) , "Water Availability of Choctaw County, Alabama" (Newton and McCain, 1972) , and "Geology of Choctaw County, Alabama" (Turner and Newton, 1971) .
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GEOLOGY
Geologic formations that crop out in and underlie the study area range in age from Tertiary to Quaternary ( fig. 2) . Unconsolidated sedimentary deposits of Tertiary age crop out in all three counties in Area 10. Quaternary alluvial and terrace deposits overlie older rocks in and adjacent to the flood plains of the Alabama and Tombigbee Rivers and other large streams in the study area. A summary of the thickness, lithology, and water-bearing properties and aquifer designation of each geologic unit underlying the study area is given in table 1. The following discussion of the geology of Area 10 is taken from Toulmin and others (1951) , Causey and McCain (1971) , Causey and Newton (1972) , Newton and McCain (1972) , Newton, McCain, and Turner (1972), and Turner and Newton (1971) .
Several extensive structural features extend through the study area (figs. 2, 3). These structures include the Jackson fault, which trends northnorthwestward through southwestern Clarke County; the Hatchetigbee anticline, which trends northwestward across western Clarke County and southeastern Choctaw County; and several other extensive faults (figs. 2, 3). Vertical displacement along the Jackson fault is as much as 1,400 feet (Causey and Newton, 1972) .
These structures influence the occurrence and movement of ground water in a large part of the study area.
Tertiary Deposits
Tertiary deposits in the study area include the Porters Creek, Naheola, Nanafalia, Tuscahoma, Hatchetigbee, Tallahatta, and Lisbon Formations; the Gosport Sand; the Jackson Group; and the Oligocene, Miocene, and Pliocene Series.
Porters Creek and Naheola Formations
The Porters Creek Formation crops out in northeastern Choctaw County. The Porters Creek consists of massive gray marine clays that form a relatively flat terrane called the Flatwoods. The thickness of the Porters Creek Formation in Choctaw County is about 350 feet.
The Naheola Formation overlies the Porters Creek Formation and crops out southwest of it in northeastern Choctaw County.
it consists of fine-to coarse-grained sand, silty clay, and beds of lignite. It averages about 200 feet thick at outcrops.
Nanafalia Formation k
The Nanafalia Formation crops out southwest of the Naheola Formation in northeastern Choctaw County. It consists of sand, sandy marl, sandy clay, and lignite.
The Nanafalia ranges in thickness from about 100 feet at outcrops to about 250 feet in the subsurface. 
Tuscahoma Formation
The Tuscahoma Formation crops out southwest of the Nanafalia Formation in northern Choctaw County and extends into northern Clarke County. The Tuscahoma consists of clay, fine-to coarse-grained sand, and fossiliferous glauconitic marl.
The Tuscahoma ranges in thickness from about 350 feet at outcrops to more than 600 feet in the subsurface.
Hatchetigbee Formation
The Hatchetigbee Formation overlies the Tuscahoma Formation and crops out in central Choctaw County and northern Clarke County. It also crops out on the crest of the Hatchetigbee anticline in the southeastern part of Choctaw County and northeastern Washington County. The Hatchetigbee is about 250 feet thick at outcrops, and is more than 300 feet thick in the subsurface.
Tallahatta Formation
The Tallahatta Formation overlies the Hatchetigbee Formation and crops out in central Choctaw County, in north-central Clarke County, and around the Hatchetigbee anticline in southern Choctaw County and northeastern Washington County. It ranges in thickness from 270 to 400 feet in the study area, and consists of gray clay and siliceous cemented claystone with some thin layers of sandy clay, glauconitic sand and sandstone, and siltstone.
Lisbon Formation and Gosport Sand
The Lisbon Formation disconformably overlies the Tallahatta Formation and the Gosport Sand overlies the Lisbon.
They are not differentiated on the geologic map because of their similar lithologies. They crop out in southcentral Choctaw County, central Clarke County, and on the flanks of the Hatchetigbee anticline. The total thickness of the Gosport Sand and Lisbon Formation ranges from 125 to 250 feet. The base of the Lisbon is a distinctive light blue-green clayey sand; the middle parts of the Gosport and Lisbon consist chiefly of white and yellow fine-to medium-grained cross bedded sand with dark gray clay; the upper part is yellowish-and greenish-gray fine-to medium-grained sand and dark gray clay.
Jackson Group and Oligocene Series
The Jackson Group disconformably overlies the Gosport Sand and crops out The Pliocene consists of the Citronelle Formation. Weathered exposures of the Miocene and Pliocene are light gray and varicolored clay; yellow, pink, and tan sands; gravel; and sandstone. The series are more than 300 feet thick in Washington County.
Quaternary Deposits
Quaternary alluvial deposits overlie older formations throughout a large part of the study area ( fig. 2) . These deposits, which underlie flood plains of present and ancestral large streams, consist mainly of gravel, sand, silt, and clay.
Alluvial deposits along the flood plains of the Alabama and Tombigbee Rivers are shown on the geologic map. Remnants of older alluvial deposits (usually mapped as high terrace deposits) are not shown on the geologic map, but form relatively flat uplands in several parts of the study area. The alluvial deposits generally range in thickness from 30 to 60 feet. They are not presently used as an aquifer in the study area.
HYDROLOGY OF THE MAJOR AQUIFERS
The major aquifers in the study area are the Nanafalia-Clayton aquifer, the Lisbon aquifer, and the Pliocene-Miocene aquifer (table 1) .
Water in these aquifers usually occurs under artesian conditions.
The NanafaliaClayton aquifer consists of the Naheola and Nanafalia Formations, and the lower part of the Tuscahoma Formation in the study area. It derives its name from the fact that it includes the Clayton Formation where it is present east of the study area.
The Lisbon aquifer includes the upper part of the Tuscahoma Formation, the Hatchetigbee and Tallahatta Formations, the Lisbon Formation, and the Gosport Sand. The Pliocene-Miocene aquifer for this report includes the Jackson Group and the Oligocene, Miocene, and Pliocene Series.
Recharge and Movement of Ground Water
Rainfall, which averages about 55 inches per year, is the source of recharge to the major aquifers. A large part of the rainfall runs off during and immediately after rainstorms, or is returned to the atmosphere by evaporation and transpiration of trees and other plants; a small part infiltrates to the water table to recharge aquifers.
The recharge areas for the major aquifers in Area 10 generally coincide with their areas of use. The recharge area for the Nanafalia-Clayton aquifer is mainly in northern Choctaw County; the recharge areas for the Lisbon aquifer are mainly in central Choctaw and northern Clarke Counties; and the recharge areas for the Pliocene-Miocene aquifer are in Choctaw, Clarke, and Washington Counties (see plate 1). The recharge areas for all three consist largely of sloping uplands with some rugged hills, parts of which are wooded and parts cultivated. Water moves downdip from areas of recharge to areas of natural discharge or areas of ground-water withdrawals. The direction of movement generally is perpendicular to the potentiometric contour lines shown in figures 4, 5, and 6.
Remnants of high terrace deposits overlie parts of the recharge areas. These terrace remnants form relatively flat, permeable landscapes that impede runoff and probably increase recharge to the aquifers.
Alluvial deposits overlie the major aquifers along the flood plains of the Alabama and Tombigbee Rivers.
In these areas upward leakage from the aquifers into the alluvium presently prevents the downward movement of water to the aquifers.
Natural Discharge and Ground-Water Withdrawals
A large part of the recharge discharges through seeps and springs to provide the base (dry weather) flow of streams.
A significant part of the recharge is also discharged directly to the rivers where they cut into the aquifers.
Discharge to streams also can occur by upward leakage through confining beds between aquifers.
Most of the remainder of the recharge is discharged through wells. , 1984) . Total maximum withdrawals of ground water in the study area in 1984 were about 6.5 Mgal/d. The maximum ground-water withdrawal capacity of all public water systems in the study area is about 11.5 Mgal/d. Records of public supply wells in the area are given in table 2, and their locations are shown on plate 1. The remaining discharge from wells is used for domestic, stock, industrial, and irrigation purposes. The amount of water withdrawn by private wells was estimated to be 7.9 Mgal/d in 1982 (Baker, 1983) .
Effects of Withdrawals from the Aquifers
Long-term withdrawals of water from the major aquifers have not resulted in significant lowering of the potentiometric surface or formation of depressions on the potentiometric surface of water in the aquifers in Area 10 (figs. 4, 5, and 6).
The major discharge areas, based on the potentiometric maps, are the valleys of the Alabama and Tombigbee Rivers; these are natural discharge areas and not related to pumping.
SUSCEPTIBILITY OF THE AQUIFERS TO SURFACE CONTAMINATION
All areas of recharge for the major aquifers in the study area are susceptible to surface contamination (plate 1). However, throughout most of the study area the recharge areas are in rural areas that are used mainly for timberlands, farms, or pastures. These areas have low potential for contamination. Usually the depth of the water-producing zone being tapped (table 2) and its horizontal distance from the aquifer outcrop (plate 1) provide some buffer from surface contamination. Shallow wells in outcrop areas are more susceptible to contamination, but none are considered highly susceptible.
Terrace and alluvial deposits along the flood plains of the Alabama and Tombigbee Rivers overlie and are in hydraulic contact with the major aquifers in the study area. In these areas, upward leakage from the aquifers into the alluvium presently prevents the downward movement of water and possible contaminants into the aquifers.
Pumpage along the flood plains of the Alabama and Tombigbee Rivers presently is minimal. However, future pumpage in these areas could result in the formation of depressions in the potentiometrie surfaces of the major aquifers reversing the hydraulic gradient between the major aquifers and the rivers. This could result in vertical leakage from the rivers and the alluvial deposits to the major aquifers; thus, the areas along the flood plains of the Alabama and Tombigbee Rivers have high potential for susceptibility to contamination.
SUMMARY AND CONCLUSIONS
The major aquifers in the study area (defined as those currently used for public supplies) are the Nanafalia-Clayton, Lisbon, and Pliocene-Miocene aquifers.
The recharge areas for these aquifers lie partly within Choctaw, Clarke, and Washington Counties. The aquifers underlie most of the study area and mainly consist of sand and gravel beds and some limestone. Water in the aquifers usually occurs under artesian conditions. The Nanafalia-Clayton aquifer is a source of public water supply in Choctaw and Clarke Counties.
The Lisbon is a source of water supply in Clarke, Choctaw, and Washington Counties. The Pliocene-Miocene aquifer is a source of public water supply in Washington and Clarke Counties. Long-term withdrawals of water from the major aquifers have not resulted in significant lowering of the potentiometrie surface or the formation of depressions on the potentiometrie surface of water in the major aquifers in Area 10.
All the recharge areas for the major aquifers are susceptible to surface contamination throughout most of the study area. However, the recharge areas are mainly in rural areas that are used for timberlands, farms, and pastures; these areas usually have low potential for contamination. Usually the depth to the zone being tapped and the horizontal distance from the outcrop to the well provide a buffer from surface contamination.
Areas potentially susceptible to surface contamination are the areas where permeable terrace and alluvial deposits overlie outcrops of the major aquifers. These areas are presently areas of discharge but, if future pumpage causes a depression in the potentiometric surface of the underlying aquifer, the alluvial aquifer will become a source of recharge and, potentially, a source of contamination. Table 2 . Records of public water-supply wells in the study area NOTE: Well numbers correspond to those shown on plate 1.
Geographic coordinate number: Lat (DDMMSS) Long (DDMMSS) sequential number (xx).
Depth of well and water level: Depth of well given In feet; reported water levels are In feet above (-) or below land surface; measured water levels are In feet and tenths.
Well diameter: casing diameter In Inches.
Water-bearing unit: N-C, NanafalIa-Clayton aquifer; L, Lisbon aquifer; P-M, Pliocene-Miocene aquifer.
Altitude of land surface: Altitudes given In feet above sea level, from topographic map or determined by aneroid barometer.
Method of lift: N, none; F, flow; J, jet; P, piston; S, submergible; T, turbine.
Use of well: N, none; P, public water supply. 
